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ABSTRACT!Bisphenol"A"(BPA),"a"common"chemical"used"in"plastic"manufacturing,"has"been"implicated"as"an"endocrine(disrupting(chemical(with(potential(negative(effects(on(multiple(organ&systems.'These'!indings'have'prompted'its'substitution'in'the'manufacturing'process'with'alternative(bisphenols,(such%as%Bisphenol"S"(BPS)"and"Bisphenol"F"(BPF)."However,"there"is"little"research"available"about"the$effects$of$these$alternative$bisphenols$on$biological$systems.$The$goal$of$this$project$was$to$compare(the(effects(of(these(three(bisphenols)on)cellular)proliferation)and)cellular)stress)response)in#cultured#human#cells.#Here#we#show#that#both#BPA#and#BPF#triggered#statistically#signi:icant#stress%granule%formation%in%response%to%acute%high%dose%exposure.%Further,%we%observed!an!increase$in$the$rate$of$cellular$proliferation$upon$chronic$exposure$of$cells$to$both$BPA$and$BPF$at$physiologically+relevant+levels.+BPS,+the+most+structurally+diverse+of+the+three+compounds,+had+no+statistically(signi+icant(effects(on(stress(granule(formation!or#proliferation;#however,#we#did#observe'extensive'cell'death'in'response'to'acute'high"dose%exposure%to%BPS%that%was%not%observed(with(the(other(bisphenols.(We(suggest(that(BPS(may(be(triggering(stress(responses(or(apoptosis'through'different'pathways'than$BPA$and$BPF.$Our$results$demonstrate$the$continued$need$for$research$into$the$biological$effects$of$bisphenols,$and$have!direct'implications'for'the'regulation+of+plastics+manufacturing.! !
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FIGURE'1:"US02"CELLS"TREATED%WITH%ARSENITE%TO"EXHIBIT"
CELL$STRESS$GRANULES."STRESS"GRANULES"APPEAR%PURPLE%
AND$P=BODIES'APPEAR'YELLOW!(ANDERSON)&)KEDERSHA!
2009).&&&!
BACKGROUND!!Eukaryotic+cells+have+evolved+speci3ic+routine+mechanisms+to+survive+against+potentially+deleterious*environmental*conditions.)When)cells)are)under)stress,)they)conserve)energy)by)exhibiting)a)phenomenon)called)the)cell)stress)response,)or)CSR)(Kültz)2005).)Short)and)long"term%mechanisms%of%the%CSR%minimize%acute%damage%to%cell%integrity%and%afford%a%measure'of'resiliency$against$similar$unfavorable$conditions$(Kültz$2005).$The$CSR$functions)in)protecting)the)cell)by)causing)normal)mRNA)processing)functions)to)cease,)polysome(disassembly,!and$redirection$of$mRNA$processing$proteins$to$assume$“emergency”*functions*(Anderson$&$Kedersha$2008).$Once$a$potential$stressor$has$been$identi&ied,(the(CSR(is(triggered(in(order(to(maintain(the(integrity(of(vital(macromolecules(within&the&cell.&The&three&main&functions&of&the&CSR&are&to&measure&the&amount&of&potential&damage,'temporarily%increase%the%resilience%of%the%cell%against%the%type%of%stressor%causing%damage,'and'to'induce'apoptosis'when'cells'are'too'damaged'to'recover'(Kültz'2005).!In#order#to#initiate#the#CSR,#a#complex#network#of#signaling#proteins#must#be#activated.#These!proteins)are)activated)when)the)cell)experiences)damage)to)important)macromolecules*such*as*DNA,*proteins,*the*membrane*and*RNA,*as*well*as*changes*in*the*level$of$reactive$oxygen$species$in$the$cell$(Kültz$2005).$The$capstone$of$this$process$is$phosphorylation'of'eukaryotic'initiation'factor'2'alpha'(eIF2a).'Once'eIF2a'has'been'phosphorylated,-normal-translation-initiation-is-inhibited,-leading-to-disassembly-of-the-polysome((Anderson(&(Kedersha(2008).(!
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Once%environmental%stress%has%been%identi2ied,%stress%granules%and%p"bodies'are'simultaneously,assembled.,These,two!structures'are'the'morphological'result'of'the'mRNA'redirection)process.)Stress)granules)and)p"bodies'are'aggregates'of!mRNA%that%was%most%likely&being&translated,&but&is&rendered&translationally&silent,&and&contain&various&shared&proteins)as)well)as)unshared%proteins.%Both%structures%function%in%miRNA"mediated'silencing(while(each(have(individual(functions(dictated(by(their(individual(protein(components.*Despite*action*from*both*structures*in*the*CSR,*p"bodies'are'also'observed'in'unstressed(cells,(whereas"stress"granule"formation"is"dependent"on"initiation"of"the"stress"response'as'dictated'by'phosphorylation'of'eIF2a%(Anderson%&%Kedersha%2008).%!Stress&granules&are&made&up&of&the&mRNA&from&disassembled&polysomes&and&include&a&wide&variety(of(proteins.(One"of"the"major"components"of"stress"granules"are"initiation"complexes"from%mRNA%recruited%to%the%granule%after%the%polysomes%disassemble.%The%initiation%complexes)found)in)stress)granules%include%mRNA%transcripts,%eIF3,"eIF4F,"and"eIF4B%and%small%ribosomal!subunits.(Stress(granules(also(include(mRNA(binding(proteins(TIA"R,#TIA"1,#and$G3BP,$which$function$in$translational$silencing$and$aggregation$stability$(Anderson$&$Kedersha(2008).(Using(these(components,(stress(granules(act(to(mediate(mRNA(translation(and"degradation"in"times"of"cell"stress."Thus,"stress"granules"inhibit"apoptosis,"which"has"been$shown$to$contribute$to$cell$survival$under$a$variety$of$stressful$conditions$(Arimoto$2008;%Anderson%&%Kedersha%2014).!P"bodies'differ'from'stress'granules'in'terms$of$their$structure$and$composition.$$P"bodies'are$composed$largely$of$mRNA$degrading!enzymes,(including(those(used(to(remove(the(cap(and$poly"A"tail.""The"degradation"enzymes"included"in"p"bodies'are'not'found'in'stress'granules,*just*as*the*main*components%of%stress%granules%are%not%found%in%p"bodies.(It(is(thought&that&p"bodies'and'stress'granules'differ'not'in'the'types'of'transcript'they'hold'but'instead(the(stage(at(which(their(mRNPs(are(in(the(mRNA(cycle,(as(dictated(by(their(different(machinery*(Anderson(&(Kedersha(2009).(((!The!stress%response%in%eukaryotes%can$be!triggered'by'DNA'damage,"protein"misfolding,"redox&change,&and#membrane#potential,#depending!on#the#type#of#stressor#(Arimoto#2008).#According)to)Kültz,)when)DNA)is)damaged,)the)MutS)homolog%(MSH)%protein%(part%of%the%large&BRCA1"associated)genome)surveillance)supercomplex,)BSAC)!binds&to&distortions&caused'by'mismatching'base'pairs'in'DNA.'Once'bound,'MSH'proteins'recruit'MutL'homolog&(MLH)&to&the&sites&of&damage&and&initiate&the&formation$of$mismatch$repair$(MMR)$complexes.*Although*the*speci1ic*process*is*not*yet*known*in*eukaryotes,*transcription*factors(become(nonfunctional,(contributing'to#the#stress#granule#formation#described#above.'Protein'misfolding'due'to'oxidative'damage'similarly%induces%a%transcriptional%regulation+process,!known%as%the!unfolded(protein(response((UPR),(upstream(of(the(CSR(signaling'network.'Cellular'redox'change'can'also'in5luence'these'CSR'components'via'free'
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radical'formation.'Alteration'in'cellular'redox'can#occur#to#damage#to#a#cellular#membrane#from%environmental%stress.%Environmental%stress%can%cause%the%cell%to%lose%selective%permeability,,transmembrane,potential,,and,membrane,rigidity.,These,alterations,must,be,!ixed&immediately&so&that&the&cells&can&survive,'and'thus'the'CSR'is'induced'(Kültz'2005).!Speci&ic'changes'in'DNA,'cell'membrane,'redox'activity,'and'protein'may'result'from'various'stresses,&including&drastically&high&temperature&(i.e.&heat&shock),&viral&infection,&oxidative&stress,&and&toxins&(Kültz'2005).'One'common'toxin'that'has'been'shown'to'trigger'the'CSR,'through'DNA'replication'interference,'and'to'cause'adverse'health'effects'is'2,'2"bis$(4"hydroxyphenyl),propane,,or,bisphenol"A"(BPA)."BPA"is"an"organic,"synthetic"compound,"which%belongs#to#the#groups#of#diphenylmethane#and#bisphenol#derivatives#(with#two#hydroxyphenyl+groups).+BPA+has+been+used+chemically+since+1957+to+manufacture+polycarbonate,plastics,and,epoxy,resins,(Prokop,et,al.,2004).,Polycarbonates,are,primarily,found&in&consumer#products#such#as#plastic#dinnerware,#food#storage#containers,#glasses#lenses,&toys,&paci.iers,&and&impact"resistant(safety(equipment.(Epoxy(resins(are(notably(found&in&protective&linings&of&canned&food&and&beverage&containers&and&drinking&water&storage(tanks&and&pipes&(Asahi&et&al.&2010).&!Presently,*over*six*billion*pounds*of*BPA*are*produced*per*year,!meaning'BPA'is'one'of'the'highest'volume'chemicals'produced'worldwide.'BPA'is'synthesized'via'a'condensation'reaction)between)one)molecule)of)acetone)and)two)of)phenol)(Prokop!et#al.#2004).&BPA&has&been$measured$in$freshwater,$seawater,$air/dust$particles!and$other$environmental$sources,$indicating(that(exposure(to(BPA(is(widespread.(Diet,(however,(is(considered(the(primary(source'of'exposure'to'BPA.'Measurable'BPA'concentrations'in'humans'are'largely'attributed'to#the#leaching#of#BPA#from#food#and#beverage"containers"(Prokop,"et"al."2004);"hydrolysis"of#BPA#under#stress#of#heat#and#acidic#or#basic#conditions#leads#to#the#release#of#BPA#to#the#environment)and)the)potential)exposure)to)human)beings)(Sheng)et)al.)2012).)!With%respect%to%cellular%exposure,%studies%of%human%serum,%urine,%amniotic%1luid,%and%placental(tissue(have(afforded(scientists(the(ability(to(measure(BPA(concentration(in(humans.(BPA(concentration(in(the(body(is(best(re5lected(through(serum(levels.(Rhie(et(al.(performed(a(study(in(which(the(serum%levels%of%breast"fed$infants$were$compared$to$those$of#bottle"fed$infants$with$respect$to$their$BPA$concentrations.$The$results$of$this$study$showed'that'BPA'concentrations'in'bottle"fed$infants$were$more$than$twice$as$high$as$those$in#breast"fed$infants,%though%BPA%was%found%in%all%samples%(96.58%±%102.36%vs.%45.53%±%34.05%pg/mL,'P=0.014)'(Rhie'et.'al.'2013).'There'were'also'no'other'signi?icant'correlations'such'as#between#genders#or#age,#which#led#to#the#conclusion#that#the#only#likely#factor#in#the!substantial)differentiation,)was)the)use)of)the)plastic)BPA)containing)bottles)(Rhie)et.)al.)2013).'This'study'supports'the'belief'that'the'use'of'BPA"containing(products(signi.icantly(
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increases(the(levels(of(BPA(in(the(blood,(though(individuals(who(do(not"use"BPA"containing(food$or$beverage$storage$products$also$have$BPA$in$their$system.!Following(dietary(ingestion,(the(majority(of(BPA(binds(to(glucuronic(acid(to(produce(BPA(glucuronide+(BPA"G)#via#glucuronidation,#which#is#facilitated#by#enzymes#primarily"found"in"the$liver$or$gut.$BPA$is$glucuronidated$(conjugated)$by$liver$microsomes$and$catalyzed$by$an#isoform#of#uridine#diphosphate"glucuronosyl*transferase*(UGT)*before*it*is*excreted*(Takeuchi*&*Tsutsumi*2002).*Studies*of*the*mechanisms*of*this*metabolic$pathway$and$effects&of&BPA&exposure&at&varying&concentrations&and&via&varying&exposure&methods&have&provided(evidence(that(links(incidences(of(diabetes(and(obesity(induction,(cardiovascular(disease,'chronic'kidney'disease,'birth'defects'and'developmental#disorders,#reproductive#disorders,(tumor(growth(and(metastasis,(and(chronic(respiratory(disease(to(BPA(exposure((Rezg&et&al.&2014).&These&harmful&effects&can&largely&be&categorized&into&>ive&general&categories:!
• Endocrine)disruption.!The$endocrine$system$is$a$highly$integrated$collection$of$glands$within&the&body&with&numerous&functions&in&the&processes&of&reproduction,&growth&and&development,+maintenance+of+blood+component+concentrations,+cellular+metabolism,+and$immune$response$(Marieb"&"Hoehn!2007).&Endocrine&disruption&references&the&mechanism)of)toxicity)via)alteration)in)the)secretion)of)physiological)concentrations)of)hormones,)interference)with)hormone"receptor'interaction,'and'modi.ication'of'the'metabolism*of*hormones*in*circulation((Rezg(et(al.(2014).(Unconjugated(BPA(within(the(body%is%known%to%act%as%an%androgen"disrupting*chemical.*Estrogen*regulates*many*of*these%functions%using%estrogen%receptors%which%stimulate%cell%proliferation%and%potential)CSR)pathways.)As)an)androgen"disrupting*chemical,*BPA*is*known*to*have*estrogen(agonist/antagonist(properties((Asahi,(et.(al(2010).(The(ability(of(BPA(to(mimic(the$effects$of$true$estrogen$is$a$result$of$the$similarity$of$phenol$groups$on$both$BPA$and$estradiol,+enabling+BPA+molecules$to$trigger$estrogenic$pathways$in$the$body$(Kwon$et$al.$2007).$This$ability$can$lead$to$a$variety$of$changes$in$estrogen"target&organs&(brain,&ovary,'mammary'gland,'uterus),'thyroid'hormone'pathway'interference'and'the'dopaminergic,system,(Rezg,et,al.,2014).''!
• Genetic'damages.!In#general,#genetic#damages#are#regarded#as#an#important#mechanism)for)chronic)diseases)and)carcinogenesis.)These)are)caused)by)chromosomal)aberrations*(i.e.*aneuploidy*or*chromosome*rearrangements)*and*DNA*damage.*In*vitro*studies"have"provided"evidence"that"BPA"can"induce"aneuploidy"and"mutagenicity,"formation)of)DNA)adducts,)and)proteome)alterations)in)mammary)tissue)(Rezg)et)al.)2014).'As'previously'mentioned,'DNA'damage'can'trigger&the&induction!of#the#CSR#(Chitra(et(al.(2003)."!
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• Epigenetic)effects.!Epigenetic)mechanisms)generally)involve)switching)on)or)off)genes)which%produce%permanent%changes%linked%to%the%differentiation%of%diverse%cell%types.%Recent&studies&on&the&association&of&exposure&to&environmental&chemical&xenobiotics"and$epigenetic$effect$induction$have$revealed$that$many$toxicants$have$a$role$in$modifying)epigenetic)marks.)BPA)exposure)has)been)observed)to)alter)developmental)pathways(and(cell(processes(at(least(partly(through(epigenetic(mechanisms.(These(include(but"are"not"limited"to"hypermethylation"of"estrogen"receptor"promoter"regions,"decreases'or'increases'in'cytosine"guanine'dinucleotide'methylation,'and'increases'in'expression)of)histone)methyltransferase)enhancers,)implying)that)early)developmental)exposure!to#BPA#has#potentially#harmful#effects#related#to#fertility,#breast#cancer,#hypothalamic+activity,+the+reproductive+system,+and+developmental+pathways+(Rezg+et+al.$2014).$The$epigenetic$effects$of$BPA$exposure$via$DNA$manipulation!may$also$induce!the$CSR$(Chitra(et(al.(2003).!
• Oxidative)stress.!As#a#known#trigger#for#the#CSR,#increased#reactive#oxygen#species#(ROS)&production&creates&an&oxidative&imbalance,&resulting&in&modi:ication&of&all&components)of)the)cell)(lipids,)proteins,)carbohydrates,)nucleic)acids).%Research%shows%that$oxidative$stress$is$linked$to$aging$and$various$pathological$disorders,$including$ischemic'diseases,'neurodegenerative'diseases,'diabetes,'and'cancer,'though'currently'not$all$mechanisms$are$entirely$understood.$Multiple$studies$have#provided#evidence#that$BPA"induced'damage'is'connected'with'oxidative'stress,'disrupting'oxidative'homeostasis)via)direct)or)indirect)pathways)(Rezg)et)al.)2014).!
• Cell$signaling.!Studies(show(that(BPA(has(the(ability(to(affect(cell"signaling'mechanisms'by#increasing#intracellular#calcium#and#phosphorylation#of#extracellular#signal"regulated)kinase)(ERK))and)c"Jun$N"terminal)kinase)(JNK))as)well)as)nuclear)translocation*of*nuclear*factor*(NF)"Kb.$Calcium,$ERK$and$JNK$have$been$determined$to$be#involved#in!BPA"induced'apoptotic'cell'death'(in'HT"22"cells,"a"hippocampal"mouse"cell$line)$while$NF"kB#was#activated#for#survival#signaling#after#BPA#exposure.#BPA’s#ability'to'activate'other'kinases'at'low'concentrations'is'also'known'to'alter'cellular'responses'to"physiologic"estrogens,"disrupting"the"effects"on"hormonal"mechanisms"of"cell$regulation$and$their$downstream$functional$responses$(Rezg$et$al.$2014).$Apoptosis,$survival(signaling,(and(alteration(to(the(cellular(response(are(all(events(which(are(important"when"considering"induction"of"the"CSR"(Chitra"et"al."2003)."!Given&the&abundance&of&research&demonstrating&the&potential&harms&of&BPA&exposure,&some&manufacturers+have+replaced+BPA+with+alternative+bisphenols;+however,+there+is+currently+no#scienti)ic#data#to#support#the#claim#that#these#alternatives#are#safer.#In#addition,#there#are#currently)no)regulations)on)the)use)of)alternative)bisphenols)in)products)that)can)be)advertised)as)“BPA"free”%(Eladak%et%al.%2014).!!
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FIGURE'2:"THE"STRUCTURES"OF"BPA,!BPS,%AND%BPF%ARE%STRUCTURALLY(SIMILAR(WITH#SUBTLE#
DIFFERENCES.*BPS*VARIES$THE$MOST$WITH$BPA"AND"BPF,"BUT"THIS"ALONE&DOES&NOT&GIVE&AMPLE&
ENOUGH'REASON'TO'BELIEVE$IT$IS$A$SAFER$ALTERNATIVE)THAN)BPA)IN#PLASTICS#(ELADAK#ET#AL.#2014).!
!
!
!
!
!!Bisphenol*S*(BPS)*and*bisphenol*F*(BPF)*are*commonly*used,*well"known%structural%alternatives*to*BPA.*BPS*and*BPF*have*very*similar*structures*to*that*of*BPA,*in*that*each*molecule'contains'two'phenyl'groups'(hence,'bisphenol),'each'with'one'hydroxyl'substituent,'as'seen'in'Figure'2."In"contrast"to"BPA,"BPS"contains"a"central"sulfur"atom"with"two$double"bonded&oxygen&atoms,&where&BPA&merely&has&a&central&carbon&atom&that&is&bound&to&two&methyl&groups&in&addition&to&the&benzene&rings.&The&structural&differences)between&BPF&and&BPA&are&less&signi2icant.&Where&BPA&has&two&methyl&groups&bound&to&the&central(carbon,(BPF(only(has(two(hydrogen(atoms((Eladak(et.(al.(2014).(BPA(alternatives(may$affect$the$body$differently$than$BPA,$but$not$necessarily$in$a$manner$that$is$less!deleterious.""Currently,"no"studies"exist"that"support"that"either"of"these"alternatives"have"fewer%negative%physiological%effects%than%BPA.%Eladak%et%al.%performed%a%review%that%sought%to#determine#some#of#the#physiological#effects#of#these#three#molecules#on#function#within#various(cell(lines.(For(example,(it(was(stated(that(BPF(exhibited(fewer(cytotoxic(effects(in(a(hemoblastoma*cell*line*than*BPA,*but*BPF*also*showed*some*genotoxic*effects*that*have*yet*to#be#seen#in#BPA.#Concerning#estrogenic)activity,)BPF)and)BPA)showed)extremely)similar)effects&in&binding&estrogen&receptors,&where&BPS&was&seen&to&have&a&weaker&effect.&However,&BPS$was$shown$to$have$similar,$if$not$more$drastic$effects$with$respect$to$potency$in$lipid$metabolism*in*3T3"L1#adipocytes#(Eladak#et.#al.#2014).#These#observations#give#reason#to#investigate)these)alternatives)further,)for)though!they%may%not%cause%the%exact%effects%of%BPA%in#humans,#they#give#rise#to#some#reactions#that#have#yet#to#be#seen#with!BPA,%which%could#mean%these%alternatives%could&potentially&cause&even&more!negative(physiological(effects(than%BPA.!In#determining#whether#BPF#and#BPS#have#similar#physiological#effects#to#those#of#BPA,#quantitative)measurements)of)the)CSR)via)cell)exposure)experiments)can$be$utilized.$Recent$research'has'been'performed,'quantitatively'measuring'stress'granule'formation'of'U2OS'cells%exposed%to%BPA%at%similar%to%average%human%serum%concentrations%(1.4nM),%high"level$acute&concentrations,&and&a&combination&of&chronic&low"level$and$acute$high"level$concentrations*(Henry!et#al.#2015).'Cells'exposed'to'BPA'at'human'serum'concentrations'
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showed'no'signi+icant'variations'on'cell'growth'and'did'not'result'in'signi+icant'stress'granule(formation;(however,(a(possible(dose"dependent!response'to'chronic'exposure'at'physiologically+relevant+BPA+levels+may+have+an+impact+on+cell+growth,+offering+the+opportunity)for)future)research.)High"level$acute$BPA$exposure$triggered$signi5icant$stress$granule(formation,(suggesting(BPA(causes(considerable&cell&stress.&Finally,&low"level$chronic$BPA$exposure$revealed$a$signi3icant$decrease$in$stress$granule$formation$during$subsequent(high"level$acute$BPA$exposure$(Henry!et#al.!2015).'These'results'suggest'that'physiologically+relevant+doses+of+BPA+induce%stress%granule%formation%and%have%a%signi3icant%effect%on%a%cell’s%ability%to%respond%to%acute%stress,%possibly%contributing%to%the%negative%effects&associated&with&BPA&exposure&in&humans.&&! !! !In#the#context#of#this#project,#we#aimed#to#characterize#the$effects$on$cellular$stress$response'of'BPS'and'BPF,'comparing'the'results'to'the'known'response'and'stress'granule'formation)for)BPA.)In)order)to)accomplish)this,)we)completed)the)following)research)objectives:!1. To#support#the#claim#that#BPA#exposure#induces&the&CSR&and&causes&stress&granule&formation.!2. To#assess#the#impact#of#acute#high"dose%exposure%to%the%BPA%alternatives%BPS%and%BPF%on#induction#of#the#CSR#and#stress#granule#formation.!3. To#examine#the#effect#of#chronic,#low"dose,&physiologically&relevant#exposure#to#bisphenols*on*stress*granule*formation*and*cellular*growth.!In#conjunction#with#these#research#objectives,#we#hypothesize#that:!1. Cellular'exposure'to'BPA'induces'the'CSR'and'causes'stress'granule'formation.!2. Acute&high"level$exposure$to$BPA$alternatives*induces*the*CSR*and*stress*granule*formation.!3. Chronic(low"level$exposure$to$bisphenols$at$physiologically$relevant$concentrations$increases(cell(proliferation.(!This%research%has%the%potential%to%support!previous)work!claiming(that(high"level$acute&BPA&exposure(causes(signi.icant(cell(stress.(Further,(completion(of(these(research(objectives(could&provide&signi/icant&implications&for&the&comparison&between&BPA&and&bisphenol&alternatives*on*stress*response*and*cellular*proliferation,*informing*further%usage%of%each%of%these%compounds%in%manufacturing%processes.!! !
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MATERIALS)&)METHODS!!
U2OS%Cell%Line !Double"stable'osteosarcoma)(U20S))cells)containing)GFP"G3BP%and%RFP"DCP1%(Kedersha%et%al.$2008)$were$maintained$in$DMEM$media$(Corning)$with$10%$FBS$(Lonza)'and'1%'Penicillin/Streptomycin/(Lonza)/and/incubated/at/37°C/with/5%/CO2!and$were$sub"cultured(approximately,every,other,day,at,a,ratio,of,1:4.,These,cell,stocks,were,generously,donated$by#Nancy#Kedersha#from#the#Anderson#lab#at#Brigham#and#Women’s#Hospital.*!!
BPA,%BPS%&%BPF%Acute%Exposure%Assay !U2OS%cells%were%plated&in&12"well$plates$at$7x104!cells%per%well.%Twenty"one$wells$were$prepared&with&a&sterile&coverslip,&three&wells&for&each"treatment,"as"seen"in"Figure'3!below.'This%assay%was%performed%in"triplicate"(on"three"different"days)"for"each"bisphenol."The$plates'were'incubated#for#approximately#two#days#at#37°C#in#5%#CO2.!!
!
FIGURE'3:"12=WELL$PLATE$SET$UP$FOR"BISPHENOL"ACTE"EXPOSURE&ASSAY!!As#pictured#in#Figure'3,"each"column"of"the"plates"was"treated"with"the"appropriate"amounts(of(BPA,(BPS,(or(BPF(diluted'in'methanol!to#examine#the#effects#at#various#high"dose%concentrations*(100µM,"200µM,"300µM,"400µM,"and"500µM).#The#remaining#columns#were$treated!with%a%negative%control%of%0.5mM#methanol#and$a$positive$control$of$a$0.5mM#sodium'arsenite.'The'cells'were'then%incubated*for*one*hour*at*37°C"in"5%"CO2!to#allow#for#stress%granule%formation.%After%the%incubation%period,%media%was%removed%and%the%coverslips$were$washed$with$1X$PBS.$The$cells$were$5ixed$with$4%$paraformaldehyde,$followed'by'a'methanol'rinse,"washing"with"1X"PBS"according"to"the"procedure"outlined"by"Henry&et&al.!(2015).(The(coverslips(were(mounted(onto(microscope(slides(face(down,(and(were!blindly'quanti,ied'by',luorescence'microscopy'on'a'Zeiss'AXIO'observer'A1'
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microscope.*To*maintain*consistency*throughout*the*counting*process,*a*minimum*of*200*cells%per%each%mounted%sample%(three%per%treatment%type)%were%examined%for%positive%or%negative!stress%granule%formation%at%400X%magni2ication.%!Images'of'the'cells'were'taken'using'New'Window'Idea'5Mp'Color'Mosaic'SPOT'supported'camera&with&6853&millisecond&exposures&and&processed&using&SPOT&Basic&software&(Diagnostic+Instruments,+Inc.).++!
!
BPA,%BPS"&"BPF"Chronic,"Low=Exposure)Assay !U2OS%cells%were%plated%in%three,%6%well%plates%at%a%density!of#1.4!x105"cells%per%well%in%2mL#of#media&per&well.&&There&was&a&total&of&18&wells,&as&seen&in&Figure'4!below.''This%assay%was%performed(once(for(each(bisphenol.+The$plates$were$incubated$for$24$hours$at$37C$in$5%$CO2.""!!
!
FIGURE'4:"6=WELL$PLATE$SET=UP#FOR#PROLIFERATION!ASSAY!After&24&hours&of&incubation,&the#wells#were#treated#with#350#µl#of#bisphenol#treatment,"diluted'in'media"from"a"0.1M"stock.""In"total"there"were"-ive"different"bisphenol"treatment"
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levels%with%three%wells%for%each%treatment%level,%as%shown%in%Figure'4.""The"&inal"three"wells"were$treated$with$350$µl$of$media,$in$order$to$serve$as$a$negative$control.$$The$plates$were$then%incubated%for%an%additional%48%hours%at%37°C#in#5%#CO2.""!After&48&hours,&the&media&was&removed&from&each&well,&and&each&well&was&washed&with&300&µl#of#1XPBS.##After#washing#with#1XPBS,#300#µl#of#trypsin#was#added#to#each#well#and#the#plates'were$allowed$to$incubate$for$0ive$minutes.$$After$the$5$minute$incubation,$300#µl"of"media&was&added&and&the$cells$were$collected$from$each$well$via$scraping$with$a$rubber$policeman.+The+cells+were+then+counted(using!the$Cellometer$Auto$X4$Cell$Counter!(Nexcelom(Bioscience).""!
Statistical(Analysis !Statistical(analysis(of(the(data(included(ANOVA(and(one"tailed'T"testing.(For(the(acute(stress(response'assay,'each'data'point'was'an'average'of'nine'individual'measurements'from'three'separate'assays!(n=3)."An"ANOVA%was%performed%for%each%treatment%(BPA,%BPF,%or%BPS),%excluding*the*positive*control*(arsenic).*If*the*ANOVA*yielded*a*p"value&lower&than&α"(0.05),"a"one"tailed'T"test$was$performed$between$each$treatment$level$and$the$negative$control$(methanol).,If,the$T"statistic&was&less&than&the&negative&value&for&T"critical!(p"value&was&lower&than&α"(0.05)),"the$null$hypothesis$(H0!“variation)between)groups)is)due)to)chance”))was$rejected."All"statistical"data"can"be"found"in"Appendix"D."! !
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RESULTS!
!
Acute&Exposure !Assays !Several'lines'of'evidence'have'suggested'that'bisphenols,'much'like'other'known'toxins,'activate'the'cellular'stress'response'(Asahi&et&al.&2010,&Chitra&et&al.&2003,&Henry!et#al.!2015).''In#order#to#investigate#and#compare#stress#granule#formation#in#response#to#BPA,#BPS,#and#BPF,%U2OS%cells%were%cultured%and%treated%with%methanol%(negative%control),%arsenite%(positive)control),)or)the)corresponding)bisphenol!at#100,#200,#300,#400,#and#500µM.$Figure'
5!depicts(the(stress(granule(formation(observed(upon#treatment#of#cells#with#the#two#controls(and(each(of(the(three(chemicals.(!
!
FIGURE'5:"STRESS"GRANULE"FORMATION'IN'RESPONSE'TO"BISPHENOL"EXPOSURE."U2OS"CELLS"EXPRESSING$A$STABLE$INTEGRATION%OF%THE%
SG#MARKER#GFP=G3BP%WERE%TREATED%WITH#METHANOL#(A)#OR#500µM$SODIUM$ARSENITE!(B)$AS$CONTROLS,$OR$400µM%BPA%(C),%BPF%(D)#OR#
BPS$(E),$OR$WITH$80µM"BPS#(F).#EQUIVALENT#EXPOSURE(TIMES(6853(MS"WERE"USED"FOR"ALL"IMAGES.(!Comparative+assessments+of+the+acute+exposure+response+of+BPA,+BPS,+and+BPF+were+performed(by(counting(the(number(of(cells(containing(stress(granules(per(treatment(concentration)of)each)chemical.)!
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FIGURE'6:"CELL$STRESS$GRANULE$FORMATION(IN(U2OS(CELLS"TREATED"WITH"100=500µM%OF%VARIOUS%BISPHENOLS:)BPA)(BLUE),!BPF$(GRAY),"
AND!BPS$(ORANGE).!POSITIVE(CONTROL((ARSENITE)'AND'NEGATIVE!CONTROL'(METHANOL)'WERE#PERFORMED#FOR#EACH#TRIAL.#N=3.#
ERROR,%+/=!SEM.!Serving(as(the(solvent(controls(for"bisphenol"dilution,"methanol"did"not"cause"stress"granule(formation((less(than(4%(in(any(replicate),(while(arsenite(caused(virtually(100%(stress%granule%formation%(greater%than%90%%in%any%replicate)%(Figure'5A,'5B,'&'6).#Notably,#the$stress$granules$formed#from#treatment#with#arsenite#were#slightly#larger#and#more#prominent)than)the)stress)granules)caused)by)bisphenol)exposure!(Figure'5B)."Exposure"to"all#three#bisphenol!compounds)at)100µM,)200µM,)and)300µM)concentrations)revealed)relatively)low)percentages)of)stressed)cells)(Figure'6).#!Treatments)of)100µM,)200µM,)and)300µM)concentrations)of)BPA)produced)stress)granule)formation)within)0.5%)of)one)another,)and)only)about!1%#higher#than#the#negative#control.#The$percentage$of$stressed$cells$exposed$to$400µM$and$500µM$treatments$of$BPA$showed$signi%icant)stress)granule)formation)(ANOVA%p=3.20x10"10):#the#highest#stress,#63.43%#was#seen$in$the$400µM$treatment$group,$followed!by#56.31%#in#the#500µM#treatment#group.#T"tests$assuming(unequal(variance(were(performed(comparing(BPA(to(the(methanol(control.!The$tests$supported)the)deviations)seen)at)400µM)and)500µM)concentrations,)revealing)that$BPA$produces$statistically$more$stress"granules"than!the$methanol$treatment$(400µM!t"
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stat$("4.393)<"t"critical(1.859),"p=0.0023;!500µM!t"stat"("4.077)<"t"critical(1.859),"
p=0.0035).!Similarly,)treatments)of)100µM,)200µM,)and)300µM)of)BPF)showed)minimal)change)in)percentage)of)stressed)cells,)with%the%stress%level%remaining%between%1.94%%and%2.47%%for%these%treatments%(Figure'6).#Though#BPA#provoked#signi5icantly#higher#percentages#of#stressed&cells&comparatively,&BPA&and&BPF&exhibited&the&same&general&trend&of&minimal&stress%granule%formation%before&spiking&at&400µM&and&500µM&concentrations&(ANOVA%
p=3.984x10"6).#Additionally,#stress#granule#appearance,#cell#density#and#brightness#were#similar'when'observed'under'a'1luorescent'microscope'(Figure'5C,'5D).#At#400µM#treatment'of'BPF,'stress'levels'increased)signi+icantly)to)5.62%.)The)highest)stress)seen)in)the$BPF$assay$occurred$at$the$500µM$treatment$level,$which$produced$stress$granule$formation)in)10.64%)of)cells.)T"tests$performed$comparing$BPF$to$the$methanol$control$supported)the)deviations)seen#at#400µM#and#500µM#concentrations,#revealing#that#BPF#produces)statistically)more)stress)granules)than)the)methanol)treatment)(400µM!t"stat"("2.153)<"t"critical(1.833),"p!=0.0299;!500µM!t"stat"("4.635)<"t"critical(1.833),"p=0.0006).!BPS$did$not$follow$the$same$trend$as$BPA$and$BPF,$as$stress$granule$formation$was$widely$unobservable.,After,treatment,with,BPS,,the,GFP"G3BP%signal%appeared%faded,%and%while%there%were%a%few%clusters%of%live%cells,%they%were%spread%far%apart,%making%the%overall%slide%sparse!of#cells#and#often#dif-icult#to#count#(Figure'5E).#Upon#comparative#assessment,#the#minimal&amounts&of&observable&cells!with%stress%granules!were$consistently$low$across$all$treatment'concentrations!(Figure'6).#The#percentage#of#stressed#cells#did#not#exceed#5.57%,#and$the$amount$of$stress$did$not$increase$in$correlation$with$the$concentration$of$treatment.(There$was$no$statistical'correlation*between*treatment*administered*(0"500µM)&and$stress$granule$formation!(ANOVA&p=0.339)."!Due$to$the$observation$that!BPS$treatment$in#the#100"500µM!range!caused'considerable'cell$death$and$loss$of$GFP"G3BP%signal,!the$assay$was$performed$again$with!lower!concentrations*of#BPS#ranging&from&20"80µM!(Figure'7)."!
! !
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!
FIGURE'7:"CELL$STRESS$GRANULE$FORMATION)IN)U2OS)CELLS#TREATED#WITH#ALTERED'RANGE'OF'20=80µM!OF#
BPS.!ANOVA,"!P=0.673."N=3."ERROR,"+/=!SEM.!Unlike'the'cells'treated'with'high'concentrations'of'BPS,'cells'treated'with'20µM"80µM%of%BPS$did$not$exhibit$the$same$cell$death"and"loss"of"GFP"G3BP%signal%(Figure'5F).#While#the$treated&cells&did&not&exhibit&the&sparse,&faded&nature&as&they&did&at&the&high&dose&concentrations,!there%was%very%little%stress%granule%formation,"with"no"signi+icant"difference"between&BPS$treatment'levels%and%negative%methanol%control%(Figure'7).#!!
Proliferation+Assays !Numerous(lines(of(evidence(have(suggested(that(bisphenols(can(act(as(endocrine"disrupting*molecules(and(may(alter(cellular(growth((Marieb!&"Hoehn!2007,%Rezg%et%al.%2014).%Therefore,!cellular'growth'rates'in'response'to'physiologically'relevant(exposures(to(bisphenols*were*examined."BPA"levels"have"been"measured"in"human"3luids"and"tissues"in"many%developed%countries%of%the%world.%A%general%consensus%has%been%accepted%that%BPA%can$be$detected%in%the%majority%of%individuals%in%these%countries.%Prior%studies%have%reported'serum'levels'of'BPA'ranging'from'0.2–20#ng/ml#and#urine#levels#of#BPA#at#approximately,1.63,ng/mL,(males),and,1.12,ng/mL,(females),(Vandenburg!et#al.!2015).'!
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Limited'conclusive)research)has)been)performed)with)respect)to)the)concentrations)of)BPS)and$BPF$in$human$serum$and$urine.$The$most$extensive$comparative$study$was$performed$using&616&archived&urine&samples&collected&from&convenience&samplings&of&U.S.&adults&at&eight"time"points"between"2000"and"2014."Results"from"the"study"showed"BPA"at"the"highest'frequency'and'mean'concentrations'(74"99%,$0.36"2.07%μg/L),&followed&by&BPF&(42"88%,$0.15"0.54%μg/L)%and%BPS%(19"74%,%<0.1–0.25%μg/L).!While&the&concentrations&of&BPS!were"generally"lower"than"the"other"two"chemicals,"the"95th"percentile"concentration"of#BPS!was$generally$comparable$or$higher$than$that$of$BPA.$No$obvious$exposure$trends$of$BPF$were$observed$over$the$time$period$that$these$samples$were$collected,$however$the"signi%icant)changes)in)mean)concentrations)of)BPA)and)BPS)suggest)that)exposures)may)be)declining((BPA)(or(on(the(rise((BPS)((Xiaoyun!et#al.!2015).'These'trends'for'BPA'and'BPS'are'consistent(with(the(increased(substitution(of(BPA(for(other(bisphenols,(particularly)BPS,)in)manufacturing+processes.+!In#order#to#assess#the#proliferative#effects#of#each#of#the#three#bisphenol#chemicals,#U2OS#cells%were%exposed%to%a%physiologically%relevant%range%of%each%chemical%for%48%hours,%at%which%time%the%average%number!of#live#cells#was#counted#and#normalized#to#the#methanol#control.!!
!
FIGURE'8:"EFFECTS&OF&VARYING&CONCENTRATIONS*OF*BPA!(BLUE),"BPF!(GRAY)!&"BPS!(ORANGE)!ON#U2OS#CELL#
GROWTH.(SIX(TECHNICAL)DATA$POINTS$FOR$EACH!CHEMICAL(AT(EACH(TREATMENT'WERE'AVERAGED$AND$
STANDARDIZED*WITH*THEIR$RESPECTIVE$CONTROLS$(NT).!
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The$data$shown$in$Figure'8'represents'data'gathered'from'one'biological'replicate,'thus'no'statistical'analyses'could'be'performed.'Despite'this,'BPA'and'BPF'exhibited'proliferative$trends,(with(the(lowest(dose(concentrations(showing(the(highest(relative(proliferation(and(the$highest$dose$concentrations$showing$the$lowest$relative$proliferation.$BPA$exhibited$maximum&proliferative&effects&at&a&dose&concentration&of&2.19nM,&about&28%#higher#than#the$control,$whereas$BPF$exhibited$maximum$proliferative$effects$and$a$dose$concentration$of#1.09nM,#about#67%#higher#than#the#control.#!The$data$accrued$for$BPS$did$not$exhibit$any$noticeable$trend,$with$maximum$proliferative$effects&of&only"about"10%"higher"than"the"control"and"three"dose"concentrations"resulting"in"percentages*below*the*control.*!! !
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DISCUSSION!
!
Acute&Exposure&Assays !Overall,!BPA!and!BPF!produced!significant!stress!granule!formation!at!the!highest!exposures!(400"500!µM),!while!BPS!did!not!show!any!significant!stress!granules!over!a!broad!range!of!treatments!(20"500!µM)!(Figures!5,!6!and!7).!Further,!BPS"treated!cells!showed!significant!cell!death!at!the!higher!acute!exposures!(400"500!µM).!Of!the!two!chemicals!that!produced!significant!stress,!BPA!had!much!higher!levels!of!stress!granule!formation!than!BPF.!These!results!could!be!explained!by!functional!differences!between!BPA/BPF!and!BPS.!!Studies!have!found!that!BPS!induces!the!activation!of!caspase!8,!which!is!linked!to!triggering!apoptosis!and!additional!survival!mechanisms.!More!specifically,!it!was!found!that!BPS!becomes!cytotoxic!at!levels!above!100!µM!(Viñas!&!Watson,!2013).!This!research!supports!the!finding!that!BPS!was!toxic!to!cells!treated!at!the!100!–!500!µM!dose!level,!and!did!not!induce!the!CSR!in!the!way!that!BPA!and!BPF!did. While!BPA!and!BPF!both!caused!significant!cell!stress!at!high!dose!levels,!overall!BPA!produced!a!much!higher!percentage!of!stressed!cells.!!The!observed!differences!in!stress!granule!formation!between!BPA!and!BPF!treated!cells!are!somewhat!unexpected!due!to!the!similarity!of!these!two!chemicals.!!From!a!simply!structural!standpoint,!seen!in!Figure!2,!BPA!and!BPF!differ!only!in!their!central!chemistry!where!BPA!has!two!methyl!groups!and!BPF!does!not.!!In!addition!to!this,!BPA!and!BPF!both!have!exhibited!similar!levels!of!estrogenic!activity!and!have!been!shown!to!be!metabolized!similarly!(Rochester!&!Bolden,!2015).!!There!is!very!little!known!about!the!metabolites!of!BPF!and!how!they!may!interact!in!the!body!differently!from!those!of!BPA.!However,!there!is!evidence!that!suggests!multiple!genes!are!downregulated!in!response!to!BPF,!while!BPA!shows!mostly!upregulation!of!the!studied!genes!(Castro!et!al.,!2015).!This!effect!may!correlate!to!stress!granule!formation!because!BPF!may!be!simultaneously!downregulating!the!genes!that!cause!stress!granules!to!form.!Alternatively,!these!stress!regulating!genes!may!be!upregulated!in!BPA!treated!cells!(Castro!et!al.,!2015).!Overall,!more!exploration!of!the!chemical!interactions!of!BPA!versus!BPF!in!vivo!is!necessary!in!order!to!determine!the!mechanism!by!which!these!two!chemicals!cause!stress,!and!why!BPA!produces!a!stronger!stress!response.! An!additional!interesting!observation!was!that!the!stress!granules!in!the!sodium!arsenite!controls!appeared!to!be!larger!than!those!in!the!BPA,!BPF,!and!BPS!assays.!It!is!known!that!sodium!arsenite!and!BPA!both!cause!oxidative!stress!in!the!cell!(Anderson!&!Kedersha!2014;!Rezg!et!al.!2014).!However,!it!is!possible!that!the!composition!of!the!stress!granules!in!the!BPA!and!BPF!cells!vary!from!the!granules!in!the!sodium!arsenite!treated!cells,!as!the!structure!of!BPA!and!BPF!would!appear!to!be!more!reactive;!they!each!contain!two!
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hydroxyl!groups,!rather!than!only!one!single!and!double!bonded!oxygen!group!in!sodium!arsenite.!Additionally,!the!metabolic!pathways!that!these!various!toxins!may!be!undergoing!during!stress!may!differ.!Regardless,!there!has!not!been!enough!research!performed!at!this!time!to!be!able!to!confidently!determine!the!difference!between!the!sizes!of!stress!granules!when!exposed!to!various!toxins!other!than!the!composition!and!potentially!the!various!or!additional!mechanisms!that!may!be!at!play.!This!stresses!the!importance!of!determining!the!specific!composition!of!the!stress!granules!formed!by!BPA!and!BPF!in!future!studies.!By!tagging!stress!granule!elements!with!different!fluorescent!proteins,!one!could!observe!the!composition!of!each!toxin’s!granules.!This!information!may!provide!crucial!evidence!as!to!which!specific!metabolic!pathways!are!initiated!during!their!exposure!in!the!body,!and!thus!may!provide!the!key!in!determining!which!alternative!bisphenols!may!be!safer!to!use!in!the!composition!of!consumer!plastics. 
 
Proliferation"Assays !The!second!set!of!experiments!aimed!to!identify!how!physiologically!relevant!levels!of!BPA,!BPS!and!BPF!affect!cell!growth.!!BPA!and!BPF!both!showed!increased!cell!growth!at!lower!end!of!the!treatment!range!which!tapered!back!to!little!or!no!effect!at!higher!doses.!Cells!treated!with!1.09nM!BPA,!2.18nM!BPA,!1.09nM!BPF!and!4.38nM!BPF!exhibited!increased!proliferation!in!comparison!to!the!untreated!cells,!seen!in!Figure!8.!!The!higher!dose!points!of!these!two!chemicals!did!not!produce!the!same!response!and!did!not!exhibit!an!apparent!increase!in!cell!growth,!which!may!be!explained!by!hormesis.!!Hormesis!is!a!phenomenon!of!biphasic!dose!response!where!a!dose!response!curve!will!elicit!low!level!stimulation!and!high"level!inhibition,!or!vice!versa!(Calabrese!2013).!In!other!words,!based!off!of!the!hormetic!dose!response!model,!as!treatment!levels!are!increased!the!stimulatory!effect!is!lost:!exactly!what!was!observed!in!the!proliferation!assay.!!Further!evidence!that!supports!the!hormetic!dose!response!model!was!the!overall!percentage!by!which!cell!growth!increased!in!each!case.!In!a!typical!hormetic!dose!response!model,!the!greatest!stimulatory!effect!observed!causes!an!increase!of!approximately!30%"60%!of!the!control!(Calabrese!2013).!!For!each!treatment!type!where!growth!increased,!the!maximum!increase!fell!within!or!close!to!this!range!(highest!observed!percentage!increase!for!BPA!treated!cells!was!approximately!50%!and!approximately!65%!for!BPF!treated!cells).!!The!consistency!of!the!data!with!the!hormetic!biphasic!model!indicates!that!the!proliferative!effects!of!the!chemicals,!specifically!BPA!and!BPF,!were!not!likely!to!be!due!to!the!variability!of!the!assay.!However,!additional!replicates!of!the!assay!will!be!necessary!in!order!to!conclusively!demonstrate!the!hormetic!response!of!these!cells!to!BPA!and!BPF. Unlike!BPA!and!BPF,!BPS!did!not!follow!the!hormetic!biphasic!model.!BPS!produced!no!observable!trend!in!terms!of!proliferative!effects,!which!was!consistent!with!previous!studies.!BPS!was!previously!shown!to!have!a!nonmonotonic!dose!response!with!respect!to!
Stressed'Out!!
!
To#Table#of#Contents! Page%23!
cell!proliferation,!meaning!the!dose!response!follows!a!nonlinear!curve!(Vandenberg!2012).!!In!addition,!most!of!the!long!term!proliferative!effects!for!BPS!are!seen!at!concentrations!ranging!from!femtomolar!to!nanomolar!in!conducted!studies,!which!is!far!lower!than!the!levels!tested!in!this!study!(Viñas!&!Watson!2013).!!As!there!was!little!data!on!human!serum!concentrations!for!this!toxin,!the!BPA!levels!were!used!as!a!standard!for!all!toxins!in!the!proliferation!assay.!Therefore,!it!is!possible!that!no!significant!proliferative!effects!were!seen!because!the!levels!of!BPS!in!our!assay!were!simply!too!high.!It!is!suggested!that!future!studies!attempt!to!obtain!results!in!the!proliferation!assay!for!BPS!at!much!lower!levels!than!were!tested!here. Lastly,!some!evidence!has!suggested!that!BPA!and!BPF!have!higher!affinity!than!BPS!for!estrogenic!receptors,!meaning!that!BPA!and!BPF!result!in!higher!estrogenic!receptor!activation!than!does!BPS!(Eladak!et.!al.!2014).!!This!relates!directly!with!the!proliferative!effects!shown!by!each!of!these!chemicals,!as!estrogen!receptor!activation!has!been!shown!to!cause!proliferation!in!cells!(Fujita!et.!al.!2003).!!!!!!!!!
 
Implications,and,Future,Recommendations!While!these!experiments!provide!substantial!insight!into!the!potential!effects!of!BPA,!BPS,!and!BPF,!there!were!limitations!in!the!method.!Primarily,!the!cell!line!used!proved!to!have!various!constraints.!While!values!were!normalized!to!a!control,!cancer!cells,!while!convenient!to!culture!and!accessible,!show!intrinsic!abnormal!growth.!The!cells!most!commonly!exposed!to!these!bisphenols!are!epithelial!cells!of!the!gastrointestinal!tract,!as!bisphenol!exposure!is!due!to!leaching!from!plastic!into!food!and!drink.!A!non"cancer!epithelial!cell!line!would!be!an!ideal!in!vitro!model!of!bisphenol!exposure.! Nonetheless,!BPA,!BPS!and!BPF!have!been!shown!to!act!as!endocrine!disruptors,!and!this!study!suggests!that!BPF!and!BPS!may!also!have!harmful!effects!in!the!body!(Rochester!&!Bolden!2015).!!In!addition,!this!study!has!shown!that!both!BPA!and!BPF!induce!cell!stress!and!proliferation!while!BPS!appears!to!be!toxic!to!cells!at!high!doses.!!Given!these!findings,!the!safety!of!these!chemicals!for!use!in!consumer!products!is!definitely!questionable.!Perhaps!a!reconsideration!of!the!entire!family!of!bisphenols!is!necessary,!rather!than!attempting!to!find!a!safer!chemical!analog.!For!example,!some!of!the!most!promising!alternatives!are!polyethylene!terepthalate!(PET)!plastics,!as!they!are!similar!to!some!polycarbonate!plastics!in!that!they!are!heat!resistant,!transparent,!and!hard.!They!are!typically!used!for!bottles!containing!carbonated!beverages,!mineral!water,!and!various!foods!(Different!Types!of!Plastics,!n.d.).!Another!option!may!be!high!density!polyethylene,!which!can!also!be!rigid!and!is!commonly!used!for!non"carbonated!drink!bottles,!but!is!not!as!clear!as!polycarbonate!or!polyethylene!terepthalate!plastics!(Different!Types!of!Plastics,!n.d.).!Neither!of!these!potential!chemical!alternatives!contain!any!bisphenols,!and!either!may!be!a!safer!alternative!when!creating!consumer!plastics.!!!! 
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In!order!to!draw!firm!conclusions!on!the!potential!danger!of!alternative!bisphenols!such!as!BPS!and!BPF,!more!research!must!be!done!on!how!these!chemicals!are!metabolized,!the!effects!of!their!various!conjugates!and!metabolites!in!the!body,!and!the!mechanism!in!which!they!cause!cell!stress.!!More!insight!into!these!factors!will!allow!for!further!investigation!in!the!role!of!bisphenol!consumption!on!disease!pathways,!including!cell!proliferation!and!apoptosis.!! 
!!! !
Stressed'Out!!
!
To#Table#of#Contents! Page%25!
REFERENCES!
!Anderson,!P.!&!Kedersha,!N.!!2008.!!Stress!granules:!the!Tao!of!RNA!triage.!!Trends!in!Biochemical!Sciences.!!33(3):!141"150! 
 Anderson,!P.!&!Kedersha,!N.!!2009.!!Stress!granules.!!Current!Biology.!!19(10):!397"398.!! 
 Anderson,!P.,!Kedersha,!N.!&!Ivanov,!P.!!2014.!!Stress!granules,!P"bodies!and!cancer.!!Biochimica!et!Biophysica!Acta!(BBA)"!Gene!Regulatory!Mechanisms.!!1849(7):!861"870.! 
 Asahi,!J.,!Kamo,!H.,!Baba,!R.,!Doi,!Y.,!Yamashita,!A.,!Murakami,!D.,!Handaba,!A.,!&!Hirano,!T.!2010.!!Bisphenol!A!induces!endoplasmic!reticulum!stress"associated!apoptosis!in!mouse!non"parenchymal!hepatocytes.!!Life!Sciences.!!87:!13"14.! 
 Calabrese,!E.J.!!2013.!!Biphasic!dose!responses!in!biology,!toxicology!and!medicine:!Accounting!for!their!generalizability!and!quantitative!features.!!Environmental!Pollution.!!182:!452"460.!! 
 Castro,!B.,!Sanchez,!P.,!Torres,!J.M.,!Ortega,!E.!!2015.!!Bisphenol!A,!bisphenol!F!and!bisphenol!S!affect!differently!5α"reductase!expression!and!dopamine–serotonin!systems!in!the!prefrontal!cortex!of!juvenile!female!rats.!!Environmental!Research.!!142:!281"287.!! 
 Chitra,!K.C.,!Latchoumycandane,!C.,!&!Mathur,!P.P..!2003.!Induction!of!oxidative!stress!by!bisphenol!A!in!the!epididymal!sperm!of!rats.!Toxicology.!185!(1"2):119"127 
 
Different!Types!of!Plastics!and!Their!Classification.!Ryedale!District!Council.!Accessed!from:!http://www.ryedale.gov.uk/attachments/article/690/Different_plastic_polymer_types.pdf 
 Eladak,!S.,!Grisin,!T.,!Moison,!D.,!Guerquin,!M.!J.,!N'Tumba"Byn,!T.,!Pozzi"Gaudin,!S.,!&!Habert,!R.!!2015.!!A!new!chapter!in!the!bisphenol!A!story:!bisphenol!S!and!bisphenol!F!are!not!safe!alternatives!to!this!compound.!!Fertility!and!Sterility.!!103(1):!11"21. 
 Fujita,!T.,!Kobayashi,!Y.,!Wada,!O.,!Tateishi,!Y.,!Kitada,!L.,!Yamamoto,!Y.,!Takashima,!H.,!Murayama,!A.,!Yano,!T.,!Baba,!T.,!Kato,!S.,!Kawabe,!Y.,!Yanagisawa,!J.!!Full!Activation!of!Estrogen!Receptor!α!Activation!Function"1!Induces!Proliferation!of!Breast!Cancer!Cells.!!Journal!of!Biological!Chemistry.!!278:!26704"26714.!!! 
 ! !
Stressed'Out!!
!
To#Table#of#Contents! Page%26!
Henry,!S.,!Lamy,!C.,!Zhang,!H.!M.!2014.!Effects!of!Chronic!and!Acute!Bisphenol"A!Exposure!On!the!Cellular!Stress!Response.!(Undergraduate!Major!Qualifying!Project!No.!E"project"!042915"160459).!Retrieved!from!Worcester!Polytechnic!Institute!Electronic!Projects!Collection:!https://www.wpi.edu/Pubs/E"project/Available/E"project"042915!160459/unrestricted/Effects_of_BPA_Exposure_on_the_Cellular_Stress_Response.pdf! 
 Jenkins,!S.,!Wang,!J.,!Eltoum,!I.,!Desmond,!R.,!Lamartiniere,!C.A..!2011.!Chronic!Oral!Exposure!to!Bisphenol!A!Results!in!a!Nonmonotonic!Dose!Response!in!Mammary!Carcinogenesis!and!Metastasis!in!MMTV"erbB2!Mice.!Environmental!Health!Perspectives.!119:1064"1069. 
 Kültz,!D.!!2005.!!Molecular!and!evolutionary!basis!of!the!cellular!stress!response.!!Annual!Review!of!Physiology.!!67:225"257. 
 Kwon,!J.!H.,!Katz,!L.!E.,!Liljestrand,!H.!M.!!2007.!!Modeling!binding!equilibrium!in!a!competitive!estrogen!receptor!binding!assay.!Chemosphere.!!69(7):!1025–1031.! 
 Marieb,!E.!N.!&!Hoehn,!K.!!2007.!!Human!Anatomy!and!Physiology.!!9th!ed.!!Boston!(MA):!Pearson!Education!Inc.!p.!591"630.! 
 Mokra,!K.,!Kocia,!M.!&!Michalowicz,!J.!!2015.!!Bisphenol!A!and!its!analogs!exhibit!different!apoptotic!potential!in!peripheral!blood!mononuclear!cells!(in!vitro!study).!!Food!and!Chemical!Toxicology.!84:!79"88.! 
 Pfeifer,!D.,!Chung,!Y.,!&!Hu,!M.!2015.!Effects!of!Low"Dose!Bisphenol!A!on!DNA!Damage!and!Proliferation!of!Breast!Cells:!The!Role!of!c"Myc.!Environmental!Health!Perspectives.!123(12):!1271"1279. 
 Prokop,!Z.,!Hanková,!L.!&!Jeřábek,!K.!!2004.!Bisphenol!A!synthesis—modeling!of!industrial!reactor!and!catalyst!deactivation.!Reactive!and!Functional!Polymers.!!60:!77"83.! 
 Rezg,!R.,!El"Fazaa,!S.,!Gharbi,!N.,!Mornagui,!B.!2014.!Bisphenol!A!and!human!chronic!diseases:!Current!evidences,!possible!mechanisms,!and!future!perspectives.!Environment!International.!64:!83"90. 
 Rhie,!Y.!J.,!Nam,!H.!K.,!Oh,!Y.!J.,!Kim,!H.!S.,!&!Lee,!K.!H.!!2014.!!Influence!of!Bottle"Feeding!on!Serum!Bisphenol!A!Levels!in!Infants.!!Journal!of!Korean!Medical!Science.!!29(2):!261"264. 
 Rochester,!J.R.,!Bolden,!A.L.!!2015.!!Bisphenol!S!and!F:!a!systematic!review!and!comparison!of!the!hormonal!activity!of!bisphenol!A!substitutes.!Environmental!Health!Perspectives.!!123:!643"650.!! 
 
Stressed'Out!!
!
To#Table#of#Contents! Page%27!
Sheng,!Z.!G.,!Tang,!Y.,!Liu,!Y.!X.,!Yuan,!Y.,!Zhao,!B.!Q.,!Chao,!X.!J.,!&!Zhu,!B.!Z.!!2012.!!Low!concentrations!of!bisphenol!a!suppress!thyroid!hormone!receptor!transcription!through!a!nongenomic!mechanism.!!Toxicology!and!Applied!Pharmacology.!!259(1):!133"142.!
 Vandenberg,!L.,!Hauser,!R.,!Marcus,!M.,!Olea,!N.,!Welshons,!W.V.!2007.!Human!Exposure!to!Bisphenol!A!(BPA).!Reproductive!Toxicology.!!24(2):!139"177.! 
 Vinas,!R.,!Watson,!C.S.!!2013.!!Bisphenol!S!Disrupts!Estradiol"Induced!Nongenomic!Signaling!in!a!Rat!Pituitary!Cell!Line:!!Effects!on!Cell!Functions.!!Environmental!Health!Perspectives.!121:!352"358.!! 
 Xiaoyun,!Y.,!Wong,!L"Y,!Kramer,!J.,!Xiaoliu,!Z.,!Jia,!T.,!Calafat,!A.M.!2015.!Urinary!Concentrations!of!Bisphenol!A!and!Three!Other!Bisphenols!in!Convenience!Samples!of!U.S.!Adults!during!2000"2014.!Environmental!Science!&!Technology.!49(19):!11834"11839.!
Stressed'Out!!
!
To#Table#of#Contents! Page%28!
Tr
ea
tm
en
t
#
st
re
ss
ed
#
no
t s
tr
es
se
d
%
 s
tr
es
se
d
A
ve
ra
ge
 %
 S
tr
es
se
d
7
30
5
2.
24
4
3
21
6
1.
37
0
7
21
7
3.
12
5
2
36
8
0.
54
1
23
32
8
6.
55
3
15
23
4
6.
02
4
7
21
8
3.
11
1
1
26
0
0.
38
3
25
20
4
10
.9
17
22
1
41
84
.3
51
26
2
32
89
.1
16
21
3
24
89
.8
73
25
0
16
93
.9
85
31
5
13
96
.0
37
23
3
10
95
.8
85
25
0
30
89
.2
86
25
7
9
96
.6
17
21
9
12
94
.8
05
32
20
5
13
.5
02
7
23
8
2.
85
7
17
22
7
6.
96
7
5
29
5
1.
66
7
22
38
5
5.
40
5
2
32
9
0.
60
4
9
21
4
4.
03
6
17
19
0
8.
21
3
2
20
4
0.
97
1
37
25
9
12
.5
00
13
28
4
4.
37
7
10
22
5
4.
25
5
3
40
4
0.
73
7
9
22
5
3.
84
6
13
24
0
5.
13
8
11
21
9
4.
78
3
22
23
6
8.
52
7
7
21
8
3.
11
1
18
23
7
7.
05
9
12
22
8
5.
00
0
16
23
9
6.
27
5
19
28
4
6.
27
1
10
27
6
3.
49
7
24
28
3
7.
81
8
5
21
1
2.
31
5
5
22
0
2.
22
2
6
25
1
2.
33
5
24
5
16
93
.8
70
30
2
26
92
.0
73
22
1
41
84
.3
51
34
2
49
87
.4
68
28
1
26
91
.5
31
25
9
20
92
.8
32
41
23
0
15
.1
29
19
21
2
8.
22
5
13
22
9
5.
37
2
24
3
39
86
.1
70
16
2
71
69
.5
28
18
8
39
82
.8
19
26
8
67
80
.0
00
26
9
27
90
.8
78
28
3
68
80
.6
27
6
20
9
2.
79
1
16
21
4
6.
95
7
16
21
2
7.
01
8
56
.3
10
3.
80
7
63
.4
28
4.
75
4
5.
25
3
4.
91
4
92
.2
17
BP
A 
40
0
BP
A 
50
0
M
et
ha
no
l B
PA
Ar
se
ni
c 
BP
A
BP
A 
10
0
BP
A 
20
0
BP
A 
30
0
APPENDICIES!
Appendix(A:(Raw(Data(for(Acute(Exposure(Assays !
!
B PA $ A C U T E & E X P O S U R E & A S S AY !
! !
Stressed'Out!!
!
To#Table#of#Contents! Page%29!
B P S $ A C U T E $ E X P O S U R E $ A S S AY !
!
!
!
!
!
!
!
!
! !
Tr
ea
tm
en
t
#
st
re
ss
ed
#
no
t s
tr
es
se
d
%
 s
tr
es
se
d
A
ve
ra
ge
 %
 S
tr
es
se
d
22
19
0
10
.3
77
35
84
9
25
17
6
12
.4
37
81
09
5
7
24
7
2.
75
59
05
51
2
4
24
1
1.
63
26
53
06
1
5
24
5
2
2
30
3
0.
65
57
37
70
5
1
20
0
0.
49
75
12
43
8
17
19
4
8.
05
68
72
03
8
9
25
2
3.
44
82
75
86
2
14
21
1
6.
22
22
22
22
2
13
23
5
5.
24
19
35
48
4
3
19
7
1.
5
3
21
3
1.
38
88
88
88
9
1
21
6
0.
46
08
29
49
3
9
21
6
4
9
19
9
4.
32
69
23
07
7
14
21
7
6.
06
06
06
06
1
2
31
5
0.
63
09
14
82
6
0
21
2
0
11
19
9
5.
23
80
95
23
8
0
24
7
0
12
21
7
5.
24
01
74
67
2
2
21
8
0.
90
90
90
90
9
1
24
3
0.
40
98
36
06
6
6
26
7
2.
19
78
02
19
8
1
21
6
0.
46
08
29
49
3
27
19
9
11
.9
46
90
26
5
46
20
0
18
.6
99
18
69
9
25
20
5
10
.8
69
56
52
2
4
20
5
1.
91
38
75
59
8
3
24
0
1.
23
45
67
90
1
2
21
4
0.
92
59
25
92
6
2
22
4
0.
88
49
55
75
2
6
20
1
2.
89
85
50
72
5
2
26
2
0.
75
75
75
75
8
0
21
5
0
2
21
7
0.
91
32
42
00
9
13
18
7
6.
5
2
24
8
0.
8
3
23
5
1.
26
05
04
20
2
10
20
3
4.
69
48
35
68
1
7
27
1
2.
51
79
85
61
2
17
22
7
6.
96
72
13
11
5
2
25
0
0.
79
36
50
79
4
14
18
7
6.
96
51
74
12
9
24
22
5
9.
63
85
54
21
7
12
24
4
4.
68
75
7
24
7
2.
75
59
05
51
2
4
27
1
1.
45
45
45
45
5
3
21
5
1.
37
61
46
78
9
6
24
6
2.
38
09
52
38
1
3
23
8
1.
24
48
13
27
8
9
24
5
3.
54
33
07
08
7
21
7
15
93
.5
34
48
27
6
20
7
7
96
.7
28
97
19
6
25
7
11
95
.8
95
52
23
9
24
1
4
98
.3
67
34
69
4
23
8
12
95
.2
34
1
17
95
.2
51
39
66
5
20
6
30
87
.2
88
13
55
9
19
1
30
86
.4
25
33
93
7
25
2
17
93
.6
80
29
74
1.
67
6
3.
62
8
4.
80
2
BP
S 
40
0
BP
S 
50
0
M
et
ha
no
l B
PS
Ar
se
ni
c 
BP
S
93
.5
97
3.
78
3
2.
71
6
5.
57
0
BP
S 
10
0
BP
S 
20
0
BP
S 
30
0
Stressed'Out!!
!
To#Table#of#Contents! Page%30!
B P F $ A C U T E $ E X P O S U R E $ A S S AY !
!
! !
Tr
ea
tm
en
t
#
st
re
ss
ed
#
no
t s
tr
es
se
d
%
 s
tr
es
se
d
A
ve
ra
ge
 %
 S
tr
es
se
d
8
25
2
3.
07
69
23
07
7
4
19
7
1.
99
00
49
75
1
5
24
7
1.
98
41
26
98
4
19
21
1
8.
26
08
69
56
5
5
27
1
1.
81
15
94
20
3
3
23
2
1.
27
65
95
74
5
2
20
9
0.
94
78
67
29
9
0
27
2
0
1
21
4
0.
46
51
16
27
9
6
26
4
2.
22
22
22
22
2
6
25
0
2.
34
37
5
1
29
9
0.
33
33
33
33
3
5
21
5
2.
27
27
27
27
3
3
21
8
1.
35
74
66
06
3
7
27
5
2.
48
22
69
50
4
5
22
5
2.
17
39
13
04
3
5
24
2
2.
02
42
91
49
8
5
22
0
2.
22
22
22
22
2
7
26
1
2.
61
19
40
29
9
4
23
1
1.
70
21
27
66
4
23
5
1.
67
36
40
16
7
8
24
8
3.
12
5
13
23
0
5.
34
97
94
23
9
8
26
4
2.
94
11
76
47
1
2
19
9
0.
99
50
24
87
6
4
22
2
1.
76
99
11
50
4
5
23
7
2.
06
61
15
70
2
44
18
6
19
.1
30
43
47
8
7
23
1
2.
94
11
76
47
1
22
22
8
8.
8
9
19
3
4.
45
54
45
54
5
13
19
8
6.
16
11
37
44
1
5
23
7
2.
06
61
15
70
2
3
25
7
1.
15
38
46
15
4
3
25
3
1.
17
18
75
10
20
5
4.
65
11
62
79
1
11
25
3
4.
16
66
66
66
7
22
18
4
10
.6
79
61
16
5
24
20
1
10
.6
66
66
66
7
23
19
5
10
.5
50
45
87
2
17
20
3
7.
72
72
72
72
7
26
19
9
11
.5
55
55
55
6
21
21
1
9.
05
17
24
13
8
55
16
6
24
.8
86
87
78
3
16
21
7
6.
86
69
52
79
12
27
5
4.
18
11
84
66
9
3
23
0
1.
28
75
53
64
8
2
25
1
0.
79
05
13
83
4
6
23
9
2.
44
89
79
59
2
6
22
0
2.
65
48
67
25
7
2
25
8
0.
76
92
30
76
9
1
22
2
0.
44
84
30
49
3
0
25
0
0
1
22
1
0.
45
04
50
45
24
7
3
98
.8
23
7
13
94
.8
22
5
12
94
.9
36
70
88
6
21
8
1
99
.5
43
37
9
22
0
3
98
.6
54
70
85
2
24
5
6
97
.6
09
56
17
5
20
2
12
94
.3
92
52
33
6
24
0
8
96
.7
74
19
35
5
24
0
5
97
.9
59
18
36
7
M
et
ha
no
l B
PF
Ar
se
ni
c 
BP
F
BP
F 
10
0
BP
F 
20
0
BP
F 
30
0
BP
F 
40
0
BP
F 
50
0
1.
44
8
97
.0
52
2.
20
1
1.
93
7
2.
47
1
5.
61
5
10
.6
84
Stressed'Out!!
!
To#Table#of#Contents! Page%31!
Appendix(B:(Raw(Data(for(Proliferation(Assays !
!
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B P S $ P R O L I F E R AT I O N $ A S S AY !
!
!
!
! !
Tr
ea
tm
en
t
Li
ve
 C
el
l C
ou
nt
C
on
ce
nt
ra
tio
n
BP
S 
1.
09
 A
24
7
7.
26
E+
05
BP
S 
1.
09
 A
30
6
8.
98
E+
05
BP
S 
1.
09
 B
31
1
9.
15
E+
05
BP
S 
1.
09
 B
27
8
8.
20
E+
05
BP
S 
1.
09
 C
28
6
8.
39
E+
05
BP
S 
1.
09
 C
23
9
6.
99
E+
05
BP
S 
17
.5
 A
17
7
5.
20
E+
05
BP
S 
17
.5
 A
25
3
7.
44
E+
05
BP
S 
17
.5
 B
16
7
4.
91
E+
05
BP
S 
17
.5
 B
32
7
9.
58
E+
05
BP
S 
17
.5
 C
23
0
6.
74
E+
05
BP
S 
17
.5
 C
28
9
8.
47
E+
05
BP
S 
2.
18
 A
24
5
7.
20
E+
05
BP
S 
2.
18
 A
31
0
9.
12
E+
05
BP
S 
2.
18
 B
14
9
4.
37
E+
05
BP
S 
2.
18
 B
15
8
4.
62
E+
05
BP
S 
2.
18
 C
23
9
6.
98
E+
05
BP
S 
2.
18
 C
24
5
7.
16
E+
05
BP
S 
4.
30
 A
22
6
6.
61
E+
05
BP
S 
4.
30
 A
24
0
7.
03
E+
05
BP
S 
4.
30
 B
28
8
8.
43
E+
05
BP
S 
4.
30
 B
44
9
1.
32
E+
06
BP
S 
4.
30
 C
21
7
6.
41
E+
05
BP
S 
4.
30
 C
26
4
7.
73
E+
05
BP
S 
8.
75
 A
23
6
6.
88
E+
05
BP
S 
8.
75
 A
21
4
6.
31
E+
05
BP
S 
8.
75
 B
28
7
8.
43
E+
05
BP
S 
8.
75
 B
24
6
7.
22
E+
05
BP
S 
8.
75
 C
19
4
5.
68
E+
05
BP
S 
8.
75
 C
19
1
5.
57
E+
05
BP
S 
N
T 
A
23
5
6.
89
E+
05
BP
S 
N
T 
A
26
9
7.
85
E+
05
BP
S 
N
T 
B
32
1
9.
42
E+
05
BP
S 
N
T 
B
29
9
8.
72
E+
05
BP
S 
N
T 
C
22
2
6.
48
E+
05
BP
S 
N
T 
C
13
9
4.
07
E+
05
Stressed'Out!!
!
To#Table#of#Contents! Page%33!
B P F $ P R O L I F E R AT I O N $ A S S AY !
! !
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
AV E R A G E D ' P R O L I F E R AT I O N # A S S AY # D ATA !
!
!
Tr
ea
tm
en
t
Li
ve
 C
el
l C
ou
nt
C
on
ce
nt
ra
tio
n
BP
F 
1.
09
 A
36
9
1.
08
E+
06
BP
F 
1.
09
 A
34
4
1.
01
E+
06
BP
F 
1.
09
 B
26
7
7.
85
E+
05
BP
F 
1.
09
 B
29
6
8.
68
E+
05
BP
F 
1.
09
 C
34
6
1.
01
E+
06
BP
F 
1.
09
 C
27
1
7.
93
E+
05
BP
F 
17
.5
 A
18
5
5.
42
E+
05
BP
F 
17
.5
 A
11
3
3.
30
E+
05
BP
F 
17
.5
 B
25
0
7.
29
E+
05
BP
F 
17
.5
 B
22
7
6.
62
E+
05
BP
F 
17
.5
 C
30
1
8.
81
E+
05
BP
F 
17
.5
 C
22
0
6.
43
E+
05
BP
F 
2.
19
 A
32
2
9.
37
E+
05
BP
F 
2.
19
 A
28
0
8.
15
E+
05
BP
F 
2.
19
 B
19
4
5.
67
E+
05
BP
F 
2.
19
 B
15
9
4.
63
E+
05
BP
F 
2.
19
 C
28
3
8.
27
E+
05
BP
F 
2.
19
 C
28
0
8.
17
E+
05
BP
F 
4.
38
 A
16
5
4.
82
E+
05
BP
F 
4.
38
 A
27
2
7.
93
E+
05
BP
F 
4.
38
 B
28
1
8.
25
E+
05
BP
F 
4.
38
 B
37
6
1.
10
E+
06
BP
F 
4.
38
 C
32
0
9.
33
E+
05
BP
F 
4.
38
 C
36
2
1.
06
E+
06
BP
F 
8.
75
 A
24
2
7.
07
E+
05
BP
F 
8.
75
 A
22
0
6.
43
E+
05
BP
F 
8.
75
 B
30
5
8.
89
E+
05
BP
F 
8.
75
 B
22
6
6.
58
E+
05
BP
F 
8.
75
 C
26
6
7.
75
E+
05
BP
F 
8.
75
 C
18
4
5.
37
E+
05
BP
F 
N
T 
A
18
6
5.
43
E+
05
BP
F 
N
T 
A
25
3
7.
38
E+
05
BP
F 
N
T 
B
23
8
6.
96
E+
05
BP
F 
N
T 
B
22
2
6.
47
E+
05
BP
F 
N
T 
C
77
2.
24
E+
05
Tr
ea
tm
en
t
A
ve
ra
ge
 L
iv
e
BP
A
 N
T
8.
20
E+
05
BP
F 
N
T
5.
70
E+
05
BP
S 
N
T
7.
24
E+
05
BP
A
 1
.0
9
9.
28
E+
05
BP
F 
1.
09
9.
24
E+
05
BP
S 
1.
09
8.
16
E+
05
BP
A
 2
.1
9
1.
05
E+
06
BP
F 
2.
19
7.
38
E+
05
BP
S 
2.
19
6.
58
E+
05
BP
A
 4
.3
8
8.
41
E+
05
BP
F 
4.
38
8.
66
E+
05
BP
S 
4.
38
8.
24
E+
05
BP
A
 8
.7
5
7.
98
E+
05
BP
F 
8.
75
7.
02
E+
05
BP
S 
8.
75
6.
68
E+
05
BP
A
 1
7.
5
8.
43
E+
05
BP
F 
17
.5
6.
31
E+
05
BP
S 
17
.5
7.
06
E+
05
Stressed'Out!!
!
To#Table#of#Contents! Page%34!
Appendix(C:(Protocols !
!
Cell!Fixation!to!Cover!Slips!
!
Materials)needed:!
• 1x#PBS!
• Methanol!
• 4%#PFA!
• 10#mL#pipe)e#*ps!
• Waste&container!
• Shaker!
• 121well$plate!
• DMEM$+$10%$FBS$1X$P/S!
• Toxin&(BPA,&BPF,&Arsenite,&or&BPS)!
• Hemocytometer!
• Pasteur(pipe$e%and%aspirator!
• Cover&slips!
• Needed$pipe'es$and$sterile$.ps!
!
Protocol:!
1. Place&one&cover&slip&in&each&well&of&the&121well$plate$using$an$aspirator$!
2. Count&cells&and&determine&amount&needed&to&plate&7&x104&cells&!
3. Put$indicated$concentra-on$of$the$compound$diluted$into$media$(the$exact$incuba1on$1me$
is#up#to#the#group#and#dependent#on#what#is#being#tested).!
4. Treat&for&30160#minutes#!
5. In#the#last#ﬁve#minutes#of#the#incuba3on#period,#gather#the#necessary#supplies#needed#to#ﬁx#
the$cells$and$place$them$in!the$chemical$fume$hood$in$the$lab.$$!
6. Transfer(the(plate(containing(the(coverslips(from(the(TC(room(to(the(hood(in(the(lab.((!
7. Begin&by&pipe*ng&oﬀ&the&media&in&the&wells.&&Be&careful&not&to&touch&the&surface&of&the&
coverslips*and*use*a*diﬀerent*1p*for*treated&and&untreated&wells.!
8. Rinse&each&well&with&approximately&1&mL&of&1x&PBS.&When&dispensing&the&PBS,&drip&the&liquid&
down%the%sides%of%the%wells%instead%of%directly%onto%the%cover%slips.!
9. Swish&the&PBS&and&pipe/e&it&oﬀ.&!
10. Add#about#0.5#mL#4%PFA#to#each!well.%%Once%the%PFA%has%been%added,%replace%the%cover%on%
the$plate$and$transfer$it$to$the$shaker.$$Allow$the$plate$to$shake$for$10$minutes.$!
11. Transfer(the(plate(back(to(the(hood.((Pipe5e(oﬀ(the(4%(PFA(and(rinse(again(with(1x(PBS.!
12. Pipe%e&oﬀ&the&PBS&and&add#0.5#mL#of#methanol#to#each#well.##Replace#the#cover#of#the#plate#
and$transfer$the$plate$to$the$shaker.$$Allow$the$plate$to$shake$for$10$minutes.$!
13. Return'the'plate'to'the'hood'and'pipe/e'oﬀ'the'methanol.''Rinse'each'well'once'again'with'
1x#PBS.!
14. Finally,#add#at#least#1#mL#of#1x#PBS#to#each#well,#replace#the#plate#cover#and#place#the#plate#
in#the#refrigerator.##!
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Mounting!Cover!Slips!
!
Materials:!
• Waste&container!
• Slides!
• Tweezers!
• Vinol"moun'ng"media!
• Water!
!
Protocols:!
1. Retrieve'plate'containing'the'coverslips!from%the%refrigerator%and%place%it%on%the%bench%top.%
Gather'other'necessary'materials'and'label'the'slides'with'the'cell'treatment'info.!
2. Prepare&a&single&slide&by&adding&a&drop&of&vinol!in#the#center#of#the#slide.!
3. Carefully)remove)one)coverslip)from)the)plate.&Gently&dab&oﬀ&any&excess&water&on&the&cover&
slip%using%a%paper%towel.!
4. Place&the&coverslip&onto&the&vinol,"with"the"cell"side"down."Gently"press"the"coverslip"down"
onto$the$slide.!
5. Wash%any%excess%glue%away%with%water%and%dry%the%slide%gently%with%a%paper%towel.!
6. Repeat&steps&115"for"each"coverslip."Place"any"ﬁnished"slides"into"the"drawer"to"avoid"
prolonged)exposure)to)light.!
! !
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Growth!Curve!
!
Materials:!
• Four%61well$plates!
• DMEM$+$10%$FBS$1X$P/S!
• Trypsin!
• Methanol!
• Toxin&(BPA,&BPF,&Arsenite,&or&BPS)!
• Pipe%eman!
• 2"mL,"5"mL,"and"10"mL"pipe/e"0ps!
• 1x#PBS!
• Cell$counter!
• Waste&container!
• Rubber&policeman!
• 15#mL#conical#tubes!
• Micropipe(es*(P1000,*P200,*P20)!
!
Protocols:!
1. Plate&140,000&cells&in&each&well&of&four,&61well$plates.$Allow$cells$to$grow$for$24$hours.!
2. At"the"24"hour"mark,"treat"cells"with"the"correct"concentra4on"of"compound"(6"condi4ons)"
and$control$(methanol),$three$wells$per$concentra3on$for$a$total$of$21$wells.$$Incubate$
plates'for'48'hours.!
3. Plate&by&plate,&remove&treatment&and&place&300&µL&of&trypsin%into%each%of%the%wells.!
4. Collect'the'trypsinized'cells'by'adding'300'µL'media'to'neutralize'and'scrape'well'walls'with'
cell$scraper.$!
5. Stain&an&aliquot&of&the&collected&cells&with&trypan&blue&at&a&dilu6on&of&1:1.&&Count&cells&using&
the$cell$counter$and!record&counts.!
! !
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Appendix(D:(Statistical(Analysis !
!
A C U T E & E X P O S U R E & A S S AY S !
!
B PA !
!
ANOVA!
!
!
! !
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T"Tests!
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B P F !
!
ANOVA!
!
! !
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T"Tests!
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B P S !
!
ANOVA!
!
!
!
A LT E R E D ' B P S !
!
ANOVA!
!
